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To safely operate domestic nuclear power plants approaching the end of their design life, the material deg-
radation management strategy of the components is important. Among studies conducted to improve the
soundness of nuclear reactor components, research methods for understanding the degradation of reactor
internals and preparing management strategies were surveyed. Since the IGSCC (Intergranular Stress Cor-
rosion Cracking) initiation and propagation process is associated with metal dissolution at the crack tip,
crack initiation sensitivity was decreased in the hydrogenated water with decreased crack sensitivity but
occurrence of small surface cracks increased. A stress of 50 to 55% of the yield strength of the irradiated
materials was required to cause IASCC (Irradiation Assisted Stress Corrosion Cracking) failure at the end
of the reactor operating life. In the threshold-stress analysis, IASCC cracks were not expected to occur
until the end of life at a stress of less than 62% of the investigated yield strength, and the IASCC critical
dose was determined to be 4 dpa (Displacement Per Atom). The stainless steel surface oxide was com-
posed of an internal Cr-rich spinel oxide and an external Fe and Ni-rich oxide, regardless of the dose and
applied strain level.
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REVIEW OF FACTORS AFFECTING IASCC INITIATION OF STAINLESS STEEL IN PWRS

® 24 units (21 PWRs, 3 PHWRs)

Kori 6 (5,950)
Wolsong 6 (4,779)
Hanbit 6 (5,900)
\ 9 E B B
e =~ \ L Hanul ¥e(s.900)
R
-~ /Ot ] Total 24 (22,529)
— / f \
éuc oL -
¥ Hanul
Dacjeone / #1,23,4,56)
Y
SAA Sl
2 ) | Wolsong (2,3.4)
7| shin-Wolsong (#1,2)
~(/_, N \
]
o 2 : A Kori (#2,3,4)
Hanbit 54 Shin-Kori (#1,2,3,4)
| 123456 )0

o d

Fig. 1. Status of Korean nuclear power plant (as of Oct. 2020)
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Fig. 11. Surface of Type 316 SS after corrosion test in DH 25
cc/kg-H,O water; (a) 1 dpa, (b) 3 dpa, (c) 5 dpa, (d) 10 dpa

Fig. 12. Surface of Type 316 SS after corrosion test in DH 50
cc/kg-H,O water; (a) 1 dpa, (b) 3 dpa, (c) S dpa, (d) 10 dpa
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Fig. 14. Surface cracks of Type 316 SS after corrosion test in
DH 50 cc/kg-H,O water; (a) 1 dpa, (b) 3 dpa, (c) 5 dpa, (d)
10 dpa
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Fig. 16. Effect of minor elements on IGSCC of stainless
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Fig. 17. Dependency of fluence and applied stress on IASCC initiation [16]
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Fig. 19. Effect of applied stress and fluence on IASCC [19]

- ARG Az S|EH Aol® 1F & IS wHEE
A Skt

- AdgE 0" R
335 HF )

Nishioka & [18]¢] 7o W= o2 Fig. 18]
AF¥ wke} o] B Y Fhiel wE v W W
75 30 dpa 7HAE A 30 dpa ©17439] 3ol
M S90] it ets d o] AskekA| =
. =, 30 dpa o] EH™ 400 MPaolslE S8 o
FolE BF fdo] whshtta B skt

Fukuya 5 [19] 597 A AEE AS
Skal Fig. 199} 22> A3E At 488 AEH XA
tist ko] oA SCC /Al HIAES] Auts Holf
ok A AR 1 AIREOIA 1988 AIZE7EA| Gl o
o =& $ APl A AR o oIt
IASCC 7MA§82 7ES 1]l Y93} 187 2
A7) A Sz Agejdnt

A 257F 575 dGMA AlRte] FSEAIRE Al

LEA
Y Luo 9L A PPonE FARL AY L5

ke

aF9] AlEol thet shd2 Q1A



SEONG SIK HWANG, MIN JAE CHOIL, SUNG WOO KIM, AND DONG JIN KIM

1r it

£ FAIgE BE HolEE ARESte] A S8 é@fsﬂ
=t IASCC 7HA] &8 ZAFES7ol whet 24

u% 74 dpa°llA] F 400 MPaith. FTT Ho]E= 2 dpa
u|REe] AdsFellAl BFB Hlo|H Ktk ZAA&Ho] sgitt.
PWRJ 0] Y EEof tf3t IASCC 7HA-$-2 2] <

7HH1-6]_03L:];-H o] Rulo= &x d M=kE

A} A0 odekut §}6L S U Fes 7}*4’

[au!
ﬂJL‘
o

KA
i
R A

N
N
2 rlo

of
% rlo

IASCC 7WAI7F 71A1% 54 9 4 7|(Grain boundary,
GB) /3¢l ©J3)| AlolE 7Fs/de] Qhth= 1ASCC 7]
of gk dA olFE 7INteR, MASHE FolRl =
Abol FEAE W GB Cr 555 ARgsle] ndl
SIGITE Foixl A B Al F7lolA A%
gabr] flall £x 0 RdS ARkl ZAH?rﬂ
ghol] 7]ojahs T8 Al 72 A 841 A9
o] 1x 4 7|5 A5t AR Qg B 7
7he A Ask REE AREste] AXEglon 3
3} 24 Oﬂq‘k‘__. ‘Pr§ %E g F _Lb‘]—}ﬂ 2 ohjr

oj2] A RIS RS ARg-ste] Foixl i*} gl A=
z70 el GBOIA Cr $55 oISt FEQE o
GB Cr &%= 7t el BFB 3l FTT A&e] =
AL 5 ZA dlolHE Adab] flal wElF] vl v
= AZ3HA AEETH 1ASCC A S5 2] F213lo) A
AkE dEAESE GB Cr $5E AREste] 44§38t
SCC HIAE dloleslo] g 24Tt o Bl Ho]
EJH|o] Aol 4] TASCC MAlSS 2 xﬂf‘fi% I Ut
B2EE A7) =3 FARS S (dose rate)’t = 7
§- IASCC 7HAl g¥o] 1 w& Zlojgtal 53

Bosch 5 [20]°] 5383 IASCC w4 7|A] Al&e
719l PWRoIA] 2# 3t thimble tuber] 5ol s G~ =
k. A Thekst $8 oA thimble
mbe/\lﬁﬂﬁl sl dYsts AFoR S s

AR SE -2 EOﬂOl HAEHA] o= 88 Ak
217 %%H g8 S99 gz A thimble
tube= Y7t 7Hd 316L SS7He & RS0l % 01 thimble
tube Aoyake] W AE2 45 ~ 80 dpa HH oIt} o]
£ Sl FolstAl HarxA] ok A gk, = 45 ~ 55dpa
19l 9 80 dpacll tist ¥ JNA] HlolEE F1E 5
ATk A¥= IASCC7L ¥8sHA] o= &2 ©] 30 dpakl
o} & Al sl E3fEEA] e A whE
2 F7F A ATt A AF-E AYshkes bl A
£8 5= 9tk 4 9 5QF 40 7 oo EEo] AN
G 52 40%0lA 70% Alole] §8 FFollA] 45 ~
80 dpa W91 A=l Al sl AlPskiTt &
glo] ZhAagtel whet s AJgto] SRR BE S

)

ta
g

FUFU

I'ﬂ _{m

o ofN [H o OE

kK
1

initiation propagation

Crack depth

le—precursor «—incubation: Slow growth

time

Fig. 20. Crack initiation and propagation behavior [20]

FEEE AlHo] o)A Fgo] AT A=
e 744 O%HH GA HFo] F2 I REYLS
HojFErh 40% 2 45%2] & SEHE w2 6 7] 80
dpa 0-4 % 3 7= 6 /Y] HAE Zo|x sriex|
oke). ol 3t Azl F3 uvlojE ko] nlwE 7uke.
2 IASCCO) Uist ZR7] S8 shAl= AR E S
o] 40%= Fg3 5 U

w9 & FOoR AR SSHC] vl AFES A
F3] S 4 2t} Bosch 5 [20]°] WEW Edo] B
1¥ 2 107 ~ 10° mm/s [21,22] HB9lelt). o]#j 3t 3
T TEREFFEY] G AR T2 7 JIA] ARt
ole] 449}, o] Aah= scC AlF @ Hufe] ofg]
A7Y ARkl tist e zlo] A=Y Fig. 200 v}
ATk [23].

&g AMA 71 (1) AE7E Wgstael - AR F
How Qlal) 54 egolx &8 FA el FHekal
A= AAl 717E, ) Aol AgHo® mAEHA
HFshe A1 713, El (3) 50 ~ 500 mm Zlo] 2]
o) =¥ AR 9 A2 AR VIRV AR SR
vt dART E- ‘%E‘r)ofé e A9 Al
AA wd AEo] WSk 7IRtoln

o] WA= olehst 2L 39 Jelo= T 3
u];zH_‘:_ K QZ;H —'ﬂ-oﬂ /H;(]—E l’:, tﬂz;H_‘:_ SCCoﬂ ;qt‘;é
x%o] K_E%x% -‘,*11-03 /Hxl XLXH;H o7 uHO l\__%o {l!-o;j
9B 2= A WA B9 o] Tzl

wo 39 AREY A% TEO PR Fu A4

ARbel oall At webd ol JhA Al e
’do] S7¥skaL Tk [16~18,24]. ©] Algof|A] Al T}

[‘

[e

oF 2l Frow A n s AL 7%l
A8 Seo] AT Pz TALE S 2]
o] WA SR 5 FAE AFY > Ak #
A YFE| £ AR A HRAGS 7D A

AR} A9] ettt shARE SRS e
$13ll 73t skaollA] thimble tubedl 5] AF-E HA
_O]’T: Eﬂ ]’“g‘ﬁa]' 01‘— Oa 01-7- Eﬂ/\E /\]rshﬁo

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.4, 2021



REVIEW OF FACTORS AFFECTING IASCC INITIATION OF STAINLESS STEEL IN PWRS

+ Conerman [7]
T‘; 120 4 = " Conerman no failures
=
" a

3 % . . = Takakura [5]

‘; 100 ) = i : .
= . . M b4 . :

E LR I'akakura no failures

.

- A 3 ~ *, . L]

bs 80 nr, o i L. W™ a Nishioka [6]
& 4, § %2

2 60 L3 a # - 2 Nishioka no failures
— o . -

]

2 $ .2 A + MRP-214[11]

% 40 . _

2 MRP-214 no failures
=

= 20 s Pokor [12]

-

O Pokor no faihwres
0 - - "
0 20 40 60 80 100
Dose (dpa)
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Fig. 30. Wavy internal corrosion product of stainless steel

[4]

Fig. 31. Typical corrosion product on stainless steels in PWR
primary water [4]
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